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Preparation  and  Properties  of Mitochondria  from  Ehrlich  Ascites  Tumor  Cells.*  BY P.  BORST. 
(From the Laboratory  of Physiological  Chemistry,  University  of Amsterdam,  The Netherlands.) 
Although  the  oxidative  metabolism  of  the 
Ehrlich  ascites  turnout  cell  has  been a  matter  of 
important  theoretical  discussions  in  recent  years 
(cf. references I  and 2), relatively few papers have 
appeared concerning the oxidative phosphorylation 
of the isolated mitoehondria of these cells (3-6). The 
reason for this is probably largely a  technical one: 
the  ascites  cell  has  a  very  tough  cell  membrane 
and the procedure generally used for homogenizing 
animal  tissues--with  a  loosely  fitting  Potter- 
Elvehjem  homogenizer in isotonic sucrose-is  not 
sufficient to break the tumour cells. 
In  the  last  year  we  have  developed  a  simple 
method  to  obtain  aseites-eell  mitochondria  which 
seem  to  be  fairly  "intact,"  as  judged  by  current 
biochemical  criteria  for  mitochondria  of  normal 
tissues. We give here a  short description of the iso- 
lation  procedure  and  some  of  the  experimental 
results  bearing on  the  quality  and  the properties 
of  the isolated mitoehondria.  A  somewhat  similar 
procedure has recently been described by Emmelot 
el al.  (6). 
Isolation Procedure 
The  cells  of  an  Ehrlich  ascites  tumour  t  are  har- 
vested  5 or 6  days after the inoculation of  0.2  ml.  of 
ascites  fluid  in  Swiss  mice.  The  ascites  fluid  of  4  to 
l0  mice  is  collected  in  50  ml.  ice  cold  0.9  per  cent 
NaCI  +  0.001  M ethylenediaminetetraacetate, pH  7.0. 
With all subsequent manipulations the temperature is 
kept  below 4°C.  The cells are  filtered  once through a 
loosely woven cheese cloth  to  remove  clots,  etc.,  and 
they are washed free from contaminating erythrocytes 
by repeated low-speed cerltrifugation in 0.25 M sucrose 
+  0.001  M ethylenediaminetetraacetate. The cells are 
then packed by centrifugation for 5 minutes at 1500 g. 
The packed  cells are diluted  to  25 ml.  with redistilled 
water  and  rapidly  transferred  to  a  30  ml.  Potter- 
Elvehjem homogenizer with a  tight-fitting pestle. The 
cells  are  mixed  by  3  passes  with  the  motor-driven 
pestle  at  low  speed;  after  an  interval  of  30  seconds 
3 to 5 more passes are made at high speed. The tonicity 
is then rapidly raised to 0.25 M by adding 2 M sucrose 
and  the  contents  of  the  tube  are  thoroughly  mixed. 
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The  homogenate  obtained  is  diluted  twofold  with 
0.25  M sucrose  and  centrifuged  5  minutes  at  700  g 
(average). The supernatant (S0  is carefully poured off 
and centrifuged 10 minutes at 5600 g. The supernatant 
($2)  is completely poured off  and the sediment is ho- 
mogenized  by  hand  in  about  7  ml.  0.25  M sucrose. 
The  resulting suspension is centrifuged  10 minutes at 
12,500 g. The supernatant is completely discarded and 
the sediment is washed  3  to  5  times thoroughly with 
0.5 ml. 0.25 M sucrose to remove the thick fluffy layer. 
The  yellow-brown mitochondrial pellet is taken up in 
TABLE  I 
Qo~, P/O Ratio and ADP Respiratory Control of 
A scites-  Tumour  Mitochondria and Rat-Liver 
Mitochondria 
Qo~ at 25  ° (ul. 02/ 
mg. protein/ 
hour) .......... 
P/O ratio ........ 
ADP respiratory 
control index§ .... 
Turnout mitochondria* 
Mean 
130 
1.49 
3.5 
Rat-liver 
mito- 
! choudria 
No. o~f- 
Range  experi-  I  Mean 
ments I 
92-187  9  109 
.36-1.5  7  1.57;t 
2.7-4.7  5  5.011 
* Conditions as described in the legend to Fig.  1. 
:~ Data  from  Greengard  et  al.  (11).  Their  reaction 
medium is slightly different, the only important devia- 
tion being the inclusion of 0.02 M NaF.  This tends to 
raise the P/O ratio and lower the Q% somewhat with 
both types of mitochondria. 
§ Defined  as:  Rate  of  O2  uptake  after  tipping  in 
ADP;  divided by the  rate  of O o uptake in  the pres- 
ence of 0.1  m~t ATP without phosphate acceptor. 
II Unpublished experiments. 
1  to  2  ml.  0.25 •  sucrose and homogenized by hand. 
The  yield  is  about  3  to  9  rag.  protein;  this amounts 
to  0.5  to  2  per  cent  of  the  whole  homogenate  on  a 
protein basis. 
RESULTS 
Both  the  yield  and  the  quality  of  the  mito- 
ehondria  obtained  with  this  isolation  procedure 
vary considerably from preparation to preparation. 
This is probably due  to variations in the rotation 
speed of the homogenizer pestle, since this variable 
can  not  be  satisfactorily  controlled  with  the  ap- 
paratus available.  For an  assessment of  the prop- 382  BRIEF  NOTES 
erties of these mitochondria it is therefore necessary 
to  consider  separately  the  results  obtained  with 
good  mi.tochondrial  preparations  from  those  ob- 
tained  with  preparations  which  are  obviously 
damaged  or  heavily  contaminated  with  micro- 
somes.  Since in  this isolation procedure  the mito- 
chondria  tend  to  lose  their  cytochrome  c  very 
easily, we have used as our separation criterion the 
Qo2  for  succinate  in the absence of  added  cyto- 
chrome  c.  Preparations  that  give  a  Qo2  below 
90  IA./mg.  protein/hour  at  25°C.  are  "bad"  by 
definition (50 per cent of all experiments). The re- 
50 
i  I  I  I  I  I 
30 
20  ADP= 
0 
10  i" 0 
tip 
1.~,w  i  i  i  l  I  I  I  I 
5  10  75  20  25  30  35  40 
Time (rain.) 
FIG. 1.  The oxidation of succinate by mitochondria of Ehrlich ascites tumour cells. The complete system, repre- 
sented by curve  1,  contained 0.015  ~  KCI,  0.002  ~t ethylenediaminetetraacetate, 0.05  ~  tris(hydroxymethyl)- 
amlnomethane-acetate buffer, pH 7.5, 0.005  ~  MgCI~, 1 per cent bovine serum albumin, 0.06 •  succinate, 0.05 M 
sucrose, 0.02 ~  glucose,  150 Cori units yeast hexokinase,  10  -4 u  ADP,  and 0.02  M potassium phosphate buffer, 
pH 7.5.  Final volume, 1 ml. Flask 2 (curve g)  contained no ADP, glucose,  or hexokinase. Flask 3  (curve 3) con- 
tained no glucose or hexokinase; 2.60 ~moles ADP were added at the arrow marked "tip." Flask 4  (curve 4) con- 
tained no inorganic phosphate; 20 ~motes potassium phosphate, pH 7.5, were added at the arrow marked "tip." 
Mitochondria (1.22  mg. protein) were added to all flasks at zero time. Temperature, 25°C.  The P/O in vessel 1 
was determined according to Slater and Holton (9) ; the ADP/O ratio in vessel 3 according to Chance and Williams 
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suits  obtained  with  "good"  preparations,  which 
were  tested  in the presence of serum albumin, are 
summarized in Table I; in Fig.  1 one of these ex- 
periments is given in more detail.  It can  be seen 
that  ascites-cell  mitochondria  give  Qo~  values, 
ADP  (adenosinediphosphate)  respiratory-control 
indices, and P/O ratios that are equal to or slightly 
below the values obtained w th  the same methods 
for  fresh  rat liver mitochondria, while respiration 
is  also  dependent  on  the  presence  of  inorganic 
phosphate.  The  stability  of  the  mitochondria  in 
vitro is remarkable: after a  slight lag, both oxida- 
tion  and  phosphorylation  become  completely 
linear with time for at least 30 minutes. Moreover, 
Fig. 1 shows that respiratory control is stable both 
in the absence of all added nucleotides and in the 
presence of a fairly  high concentration of adenosine- 
triphosphate  (2.6  mM).  In  agreement  with  these 
results  the mitochondrial adenosinetriphosphatase 
(ATPase)  is partly latent.  ~ 
2 Acs  et  al.  (7)  have  reported  that  the  ATPase  of 
the  ascites  cell  is associated  with  the  cell  membrane 
and  not  with  the  mitochondrial fraction.  Measuring 
the distribution of ATPase activity (8) in different sub- 
cellular fractions, we found however  that  the ATPase 
has  a  distribution pattern  similar to  the  cytochrome 
oxidase, while the specific ATPase activity of the mito- 
chondrial  fractions  was  about  15  times  that  of  the 
homogenate.  Moreover,  Emmelot et  oi.  (6)  have  also 
found  a  partly  latent  ATPase  in  the  mitochondrial 
fraction of the Ehrlich ascites tumour. The anomalous 
results of the Hungarian workers  are probably due to 
the  omission  of  Mg  2+ from  their  reaction  medium. 
These  data  confirm and  amplify recent results 
of Chance and Hess  (5)  and show clearly that un- 
coupling  of  phosphorylation  can  hardly  be  the 
cause of the high aerobic glycolysis of the Ehrlich 
ascites tumour cells. 
Further work on the pyridine nucleotide-linked 
oxidations and the ATPase of these mitochondria 
is in progress. 
The  author  is  grateful  to  Prof.  E.  C.  Slater  for 
constant  encouragement  and  valuable  criticism  and 
to  Miss  B.  Kelder  for  expert  technical  assistance. 
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